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EL,ECTPIC EREAICDOWN OF Ib,ICROGAPX I N  A GAS 

Engineer  A ,  1, F r o l o u ,  Ufa 

A knowledge o f  t h e  mechanism o f  e l e c t r i c  breakdown i n  microgaps  

gaps  measu r ing  mic rons  and  t e n s  o f  m i c r o n s )  is e s s e n t i a l  f o r  t h e  urAciers i ~ " 1 -  

i n g  o f  t h e  p h y s i c a l  phenomena t h a t  o c c u r  i n  t h e  o p e n i n g  c o n t a c t s  o f  I-eki? - <  

v i b r a t o r  c o n v e r t e r s ,  i n d u c t i o n  c o i l s ,  t h e  b r u s h  c o n t a c t s  of e l e c t r i c s ,  r 7 -  

e h i a e r y ,  and  i n  s l i d i n g  c o n t a c t s  i n  g e n e r a l .  B r e a k d o ~ n  of  t h i s  k i n d  16 7 .+o 

i n t e r e s t i n g  because  i t  i s  t h e r e  t h a t  s u r f a c e  phenomena on e l e c t r o d e s  cool, J - ~  1.5 

p l a y  and  impart a s p e c i a l  c h a r a c t e r  t o  t h e  b e h a v i o r  o f  rnicrogaos i n  . i l ,?c 1-2.:: 

f i e l d s ,  The d i e l e c t r i c  s t r e n g t h  o f  t h e  microgap is found t o  depend n o t  J , - ;p .  

on t h e  c o n ~ p e s i k i o n  and  d e n s i t y  o f  t h e  medium or on t h e  d i s t a n c e  ketorcn 

elec t r iades,  b u t  to a cons i -de rab le  d e g r e e  a l s o  on  t h e  p r o p e r t i e s  a f  ';.-a: ( - *-. 

Gsoa e rnz t c s i a l  . 
I t i s  assumed i n  t h e  p r e v a l e n t  o p i n i o n s  r e g a r d i n g  microgap brec'l t <l I? 

Ll and  2 j  t h a t  t h e  gap b r e a k s  down i n  r e g i o n  OB &Fi.g, 1) a t  a po.f,er~"-x,l_ 

than? t h e  sciinimum s p a r k i n g  p o t e n t i a l  f o r  t h e  g iven  medium, and that! 

f i e l d  5 .n t ens i ty  c a u s i n g  the  gap breakdown rema ins  c o n s t a n b  The m2;1 I) PI- 

c a l  p r o c e s s e s  a r e  f i e l d  e r r i s s i o n ,  which c a u s e s  t h e  anode t o  h e a t  up ,  3% -l,c 

ex t raac t ion  o f  t h e  rne-cal by t h e  e l e c t r o s t a t i c  f o r c e s ,  which l e a d s  t o  tr- .  :--- 

mation of  minute  m e t a l  b r i d g e s  between t h e  e l e c t r o d e s ,  

In r e g i o n  BC, a n  a v a l a n c h e - l i k e  d i s c h a r g e  o c c u r s ,  For  t h e  avat;srb ~c 

be farmed,  i t  i s  n e c e s s a r y  t o  have a c e r t a i n  mri-nimum d i s t a n c e ,  o r  PIC>-e  - -  
c u s a t e l g  a minimum number o f  mean f r e e  p a t h s  o f  t h e  e l e m e n t a r y  parts cl .i?~ , E  *- 

tween c c l i i s i o n s ,  and conse  y u e n t l y  d i s c h a r g e  between tile c l o s e s t  pol r r s  I 

the e l e c t r o d e  s u r f a c e s  i a  nmore d i f f i c u l t  t o  e f f e c t  t h a n  d i s c h a i . ~ . ~  i c \ ~ : i ~ s t  

more remote p o i n t s *  Thus,  i n  t h e  r e g i o n  RC t h e  d i s c h a r g e  f o l l o w s  + - 
-4 

f avored  o a t h  6 . ( amoun t ins  zo 6 x 1 0  cm f o r  z . i r  a t  a tmosnbe r i c  
mLn 

which r e ~ n a i n s  c o n s t a n t  w i t k a i r ,  t h i s  r e g i o n ,  A s  a r e s u l t  the d i s c h a  

p a t e n  t i a l  remains  a l s o  c o n s t a n d ,  
1" 



n . 3 x g a  In The potential needed to restore the contact as create a 

spark breakdown as a function of t h e  distance betfieen t n e  

nearest point of the electr~de (from the data of C1 act? '2 , 

Beyond the point S = $ the di~tance between the nearest p""- LI I s 1 
min lh 

the contact surfaces becomes greater than the minimum distance necet-ndr 

for the forma"con of the electron avalanche; in this region the d e y c - c e s  - -  
of the breakdown potential on tine distance should be governed by trli: CIA: - 

We used the following procedure to investigate the dielectric-s,~ 2 - -1  

characteristics of microgaps, Freshly cleaned and thoroughly po1isr:ei. ( -. - 
tact8 were opened at a constant speed (livithin the limits o f  the rians7e~t; - 
gated distances, i,e,, on the order of Q,B mm) by means of a cam mec1i; 71- i,-l, 

Cyclic operation with 8 -- 10 FecBose -- open" cycles per seccnd was 

In all the experiments reported belom, the cofitacts moved apart at s apt , 

a f  18 cm/sec, The contact pressure in the closed state was 25 -- +La C Z . ~ . Z  e 

A t  the instant when the contacts started to move apart, a s - ~ e c l s J  * I  r -  

ture triggered the ciriven sweep s f  an ascilI.oscope, as well ;IS a ga+ ;YO* - - I  

e u i t ,  which generated, after a specified time delay, a single vol tags $ J '  fir 

in the form of a sinusoidal half-wave with a base 6 -- 8 see, The 

t u d e  of this half-wave could be adjusted betneen 0 and 1,080 V ;  the f t r  

occurrence of this half-wave, referred to the instant when the conteLc i r 91-,11,-6., 

was a l s o  ad justable, 

2 



9g smooth ly  i n c r e a s i n g  t h e  a m p l i t u d e  o f  t h e  ha l f -wave ,  i t  w a s  c tzzy  

o b s e r v e  can t h e  o s c i l l o s c o p e  s c r e e n  t h e  i n s t a n t  when t h e  gap bseakdow- o t  L - L ~ T L ~ ~  

between t h e  s e p a r a t i n g  c o n t a c t s .  From t h e  known s p e e d  i t  was possnlkie  . - 3.c- 

termine t h e  d i s t a n c e  between t h e  n e a r e s t  p a i n t s  of  the c o n t a c t  surface 1 - *r:e 

g i v e n  i n s t a n t  o f  t i m e ,  by c o u n t i n g  the  t ime marke r s  from the start o f '  coy-- 

t a c t  s e p a r a t i o n ,  

The circuitry f a r  t h e  p u l s e  g e n e r a t o r ,  t h e  s y n c h r o n i z a t i o n  of crlo - - ~ r +  

of' c o n t a c t  s e p a r a t i o n ,  the "ci iggering of "cie g e n e r a t o r ,  and t h e  t r i e - - e r ?  11: 

o f  t h e  d r i v e n  sweep a r e  shown i n  F i g ,  2. 

-? 
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Fig, 2 ,  3 iag ram o f  t e s t  s e t u p ,  

P -- moving c o n t a c t  l o c a t e d  on a s p e c i a l l y  shaped  s p r i n g ;  N -- ::ts* ~ ' 1  .;a3 3 

c o n t a c t ;  T -- p l u n g e r ;  R -- s p e c i a l l y  shaped. cam; VC -- V ~ C U U K  r'sian 1~ TT': 

Rec -- r e c t i f i e r ;  C K I  -- c a t h o d e  r a y  a s c i l l o g r a p h ;  Tr -- trans:' 1r"*?c 

A )  D r iven  sweep, 

The v o l t a g e  p u l s e  was produced  o n  the c o n t a c t s  by t r a n s f e r r i n a  -rta; s e t - 7 ~  

accumula ted  i n  t h e  primary winding  o f  t h e  s t e p - u p  t r a n s f o r m e r  t o  the s sc  -;3 y 

circuit a t  t h e  i n s t a n t  when t h e  o u t p u t  t u b e  was c u t  o f f ,  The p u l s e  ,-e.8"~> '.i re  

r e l a t i v e ?  t o  t h e  start of c o n t a c  t s e p a r a t i o n  w a s  s e t  w i t h  the a i d  o f  rs:e 1 0 -  

mete r  P w h i l e  t h e  h e i g h t  of t h e  p u l s e  w a s  r e g u l a t e d  by  v a r y i n g  t h e  
1" 

i n  t h e  t r a n s f o r m e r  p r imary  w i t h  t h e  a i . d  o f  p o t e n t i o m e t e r  B The di,r.a*,r >r l  
2" 

( w i d t h )  o f  t h e  p u l s e  was r e g u l a t e d  by changing  t h e  a i r  gap of  t h e  t a a c s f  : - e -  

and t h e  number o f  t u r n s  i n  i t s  windings ,  



The a f o r e m e n t i o n e d  t h r e e  p r o c e s s e s  were s y n c h r o n i z e d  meehanica -J 

shown i n  F ig ,  2 ,  by u s i n g  a s p e c i a l l y  d e s i g n e d  v i b r a t o r ,  The - i ~ u i s e  rj : 

t u d e  w a s  measured by p l a c i n g  a srai"irably c a l i b r a t e d  g r i d  om t h e  ~ I S C ~ I I . . U ~ ~  :PQ 

s c r e e n ,  

Fig, 3 shows the waveform o f  t h e  p u l s e  on t h e  c o n t a c t s  p r i o r  1~ el 3 r '  -. ;: 

t h e  i n s t a n t  o f  gap  breakdown, 

F ig ,  3. 'r,iavei"osm o f  conkac t  v o l t a g e  p u l s e ,  The p a i n t  0 C O ~ ~ ~ , ~ D C Y C S  

t h e  s tart  of  c o n t a c  t s e p a r a t i o n ,  

a )  p r i o r  t o  breakdown; b) a t  the i n s t a n t  o f  breakcaown, 

The me t hod  employed e l i m i n a t e d  t h e  f low o f  c u r r e n t  a t  the  i a a s t 4 2 ? t  t -  = C I S  

t a c t  s e p a r a t i o n ,  and  c o n s e q u e n t l y  t h e  f o r m a t i o n  of  m e t a l l i c  b r i d g e s ,  a : . i c ,*~ -  

a r c s ,  and the  accompanying damage t o  t h e  p o l i s h  o f  t h e  c o n t a c t  s u r f ~ c e ,  

The c h a r a c t e r i s t i c s  s f  t h e  d i e l e c t r i c  s t r e n g t h  o f  t h e  microgaps  l i e *  

determined  f o r  c o n t a c t  p a i r s  made o f  t h e  f o l l o w i n g  m e t a l s :  n i c k e l ,  $1 L T  21 

a n  a l l o y  o f  75% platinum a n d  27% i r i d i u m ,  i r o n ,  aluminum, and  eoppe?, " 'i c 

i f i su ls t iang medium w a s  i n  a l l  c a s e s  a t m o s p h e r i c  a i r  a ~ r e s s u r e s  ran;zr\q "rrur 

5 mrn,  Hg, t o  normal ,  The r e s u l t s  of  t h e  e x p e r i m e n t s  a r e  i k l u s t r a t e c  n n  I ,ree 

and 5* 

I$ we star t  from t h e  t h e o r y  of  a v a l a n c h e  breakdown i n  t h e  regl.ert 3" 

11, i t  i s  o b v i o u s  t h a t  t h e  p o s i t i o n  o f  t h e  p o i n t  C s h o u l d  be d e t e r r n ~ c e 3  a t  

t h e  Pasehen la7~1, i , e , ,  t h e  p a i n t  @ s h o u l d  s h i f t  w i t h  d e c r e a s i n g  ~ r e s s t : - c  ,(\ 

gn 

t h e  r i g h t ,  t owards  the L a r ~ e r  v a l u e s  o f  the d i s t a n c e  ( t h e  p r o d u c t  n k3 
r1.L.P 

s h o u l d  r ema in  c o n s t a n t ) ,  

4- 



However, t he  micrsgap d i e l e  c t r i c - s  t r e n g t h  e h a r a c  t e r i s  t i e s  which \fitz 

p l o t t e d  do n o t  con f i rm t h i s  f u l l y  na tu ra l .  consequence o f  t h e  f o r e g o  k n ~   so- 

gap breakdown theory . ,  The p o s i t i o n  o f  t h e  p o i n t  C depends  v e r y  l i c t l e  : r ithc 

o r e s s u s e  of  t h e  s u r r o u n d i n g  medium, and  w i t h  d e c r e a s i n g  p r e s s u r e  t i * ~ ~  r, 11s 

s h i f t s  t owards  s m d l e r  8, F u r t h r m o r e ,  t h e  p o s i t i o n  o f  t he  p o i n t  I' ' TI>.: 

p o i n t  of  i n f l e c t i o n  s f  t h e  d i e l e c t r i c - s  t r e n g t h  c u r v e  where the  h o r i  :G JL 

p o r t i o n  begif is  t o  r i s e )  i s  a, c h a r a c t e r i s t i c  o f  t he  contac"c-pair m s i a r d r i r x ,  

- 4 
the  va lue  o f  6min amounts i n  t h i s  c a s e  t o  (6 -- 15) x 1 0  cnl at no;-i.a_ ~ : ~ o ,  - 
p h e s i e  p r e s s u r e  ( s i l v e r  and i r o n  g i v e  t h e  l o w e s t  and h i g h e s t  v a l u e s *  r z , w ' a ~ ~ ' - .  

t i v e l y ) ,  There i s  no s h a r p  t r a n s i t i o n  whatever  between t h e  reg i -ons  :I!- : ,d 

BC, nor  i s  t h e  breal;down v o l t a g e  s t r i c t l y  c o n s t a n t  i n  r e g i o n  BC ( o n r  - 2  I C:T 

l i k e l y  t o  n o t e  a t endency  towards  a more o r  l e s s  smooth r i s e  o f  the l + r e - r i -  

down po t e a t i a h  i n  t h e  

Fig .  %, Dependence of  t h e  breakdown v o l t a y e  o n  t h e  distance bet-\eci  a Vae 

n e a r e s t  points o f  t h e  e l e c t r o d e s ,  6, under  normal  a t rxis~l  -rxc 

p r e s s u r e ,  

1 -- s i l v e r ;  2 -- p la t inum- i r id ium-25  a l l o y ;  3 -- copper,  

+ -- aiuminurn; 5 -- n i c k e l ;  b -- i r c n e  

The dependence o f  t h e  breakdown p o t e n t i a l  on t h e  d i s t a n c e  (Eig.. 

t he  r e g i o n  ODC i s  more r e m i n e s c e n t  o f  the  p o t e n t i a l  d i s - t r ibu . t , ion  in I! e 

drop, r e p i o n  of n g1 ow d i s c h a r g e ,  s i n c e  t h e  app rox ima te  c o n d i t i o n  i~ 1 ,  



hcPds true in approximately aLL cases, 

Here W.; correspclnds to the norrnal cathode potential drop in thc C\ i 
b 

di sehasge ; 

$mi, 
-- length of the region of the glow-discharge cathode d r o d :  

Lo -- field i . n t e r , e i ty  at the e d +  iiode s i l r f a c e .  The c61rrespon1alz.g v I L- 

are listed in the table, 

Relation ( 3 )  is equivalent to assuming the presence of a r e & v l % n c .  ., EL - 
t i v a  space charge o f  more or less constant density near the c a t h o d e  ? r  i re 

~nstanl; irflmediatelg preceding che breakdov~n, Inteegrating the Pciz~oi e - t ~ a ! - c r  

under the follow in^ initial conditions 

wc obtain 

and 

Characteristics of the dielec trie strength of microgaps at norill22 
atmospheric pressure, 

i latinurn-iridium 

Sopper 

rL$ u~inuu- 

. d l  ckeL 

i r o n  



A ~ s u l ? i n g ; t h a t r i h e n $ = $  t h e  f i e l d i n t e n s i t y a t t h e a n a d e i - ~ 1 . 1 : :  
m i  n 

r e  h a r e  4 3  . = IZo/amin: r 

e  can  "Lllus assume t h a t t t i a e  rrricsogap i s  a p p r e c i a b l y  i o n i z e d  a t  ,ha I LU I 

p r i o r  t o  t h e  d isc iaarge ;  i n  t h i s  c a s e  the  r e s u l t a n t  e f f e c t  o f  the e x -  srv,-1 .LC:!: 

and of  t h e  space -cha rge  f i e l d  1-eads ta t h e  c r e a t i o n  o f  a n  app rox ima+  c - i  i c V -  

s t a n t  fie16 i n t e n s i t y  a t  t h e  e a t n o d e  ( with a v a l u e  d i f f e r e n t  for ei.*ii t , -- 
t r o  de r r a t a r i a l  ) , 

Eut  i t  f o l l o w s  i n  such  a c a s e  t h a t  t h e  microgap  breakdov~n i n  c e 

0BC (Fig, 1) is connec"ced with t h e  f u r t h e r  i n c r e a s e  i x i  i s n i z a t i o x  n . r " ~ t 6  i c  A s 

s h a r p  i n c r e a s e  i n  the ernj.ss5on e f f i c i e n c y  when t h e  r e s u l t a n t  electr;~ 

6 
at t h e  c a t h o d e  s u r f a c e  r e a c h e s  a v a l u e  on t h e  o r d e r  o f  BU iJ/cn?, T L I I ~  7 3 3~ 

o f  i n t e n s i t y ,  t o g e t n e r  w i t h  t h e  f a c t  t h a t  t n e  b r e a k d ~ ~ v n  vol ta{ ;e  dot,.- .rc t i I - h  c 11 

tne Paschen  l a w ,  i n d i c a t e s  t h a t  t h e  b a s i c  p r o c e s s  causiuse ttne e l e c t , * , r ~  

l e a s e  i i s  f i e l d  e m i s s i o n ;  t h i s  i s  i n  c o n t r a s t  w i t h  @om d i s c h a r g e ,  v.rr.,ero cb;jp 

main p r o c e s s  on t h e  c a t h o d e  i s  seconda ry  e l e c t r o n  e m i s s i o n  nroduced  - I I A ~ - i -  

o f  t h e  p o s i t i v e l y  c h a r g e d  p a r t i c l e s  against t h e  ca thode  s u r f a c e  (a Prc-e& -- 

dependent  on t h e  mean f r e e  p a t h  of  t h e  p a r t i c l e s ,  i , e , ,  connec ted  \ w 3 , ~ / r  ?r- 

product p $1, 

Fig ,  5, Deendene:  

the n e a r e s t  p o i n t s  of t h e  e l e c t r o d e s ,  f o r  n i c k e l  



The i o n i z a t i o n  b u i l d - u p ,  which b e g i n s  a f t e r  the electric f i e l d  .:C :l 

by t h e  a p p l i e d  p o t e n t i a l  a n d  by t h e  i n t e n s i f i e d  s p a c e  c h a r g e  reac .hes  ~1i.e 

v a l u e s  g i v e n  a b o v e ,  o c c u r s  i n  a v a l a n c h e  f a s h i o n ,  s o  t h a t  c o n d i t i o n s  are 

s u f f i c i e n t  for a comple t e  d i s c h a r g e  o f  t h e  ene rgy  accumula t ed  i n  t h e  

e l e c t r o d e  c a p a c i t a n c e  a n d  i n  t h e  mwiri-ng c a p a c i t a n c e ,  

A f a c t o r  c o n t r i b u t i n g  to t h e  pre-disc.h;arge i o n i z a t i o n  i s  the sanie ",,el& 

e~niss5.on; as a n  e l e c t r o n  s o u r c e ,  t h e  f i e l d  e m i s s i o n  comes i n t o  p l a y  at a 

field i n t e n s i t y  can the  o r d e r  of jC)O,OOO v$cm and b r i n g s  a b o u t  t h e  

c o u r s e  o f  t h e  p r o c e s s  [41, 

The breakdomin-po t en  Liar e h a r a c  t e r i s t i c s  s h i f  L t o  t h e  l e f t  and  

wi . th  d e e r e a s i n g  p r e s s u r e  because  t h e  i o n i z a t i o n  e f f i c i e n c y  d e c r e a s e s ,  

upon t h e  r e g i o n  EC becomes s h o r t e r  and even  d i s a p o e a r s  con rp l e t e ly ,  

A s  r ega rd . s  th .e  b e h a v i o r  o f  t h e  mic rogaps  i n  t h e  r e g i o n  beyond ' : ' i e  

C, i t  seems t o  u s  "cat i n  t h i s  r e g i o n  t h e  accumulation of s p a c e  charpi:.:. aL.50 

plays a d e f i n i t e  r o l e ,  

Comparing the  b e h a v i o r  o f  t h e  breakdown poten  t i a d  f o r  e l e e t r o  de.5 

s f  d i f f e r e n t  r r i a t e r i a l s  ( F i g ,  48 and l e a v i n e  a s i d e  s u c h  t e c h n i c a l  

t i c s  as 'the c o r r o s i o n  and  e r o s i o n  s e s i s  tan c e ,  t he  t endency  toivarde %.re: 

t i o n ,  e t c .  , we can u n d e r s t a n d  iojhg s i l v e r ,  t h e  p l a t i n u m - i r i d i u m  all.cy, a-t: 
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